1. (Twice Amended) A method for manufacturing an interconnect structure 
I comprising: \ 

forming^ a recess within a dielectric material situated on a semiconductor lower 
substrate^ said recess extending below a top surface of said dielectric material; 
\^ forming a dimsion barrier layer on the recess within the dielectric material; 

forming a seed%yer on the diffusion barrier layer, the diffusion barrier layer being 
composed of a material haWg a melting point greater than or equal to that of a material from 
which the seed layer is concqk)sed; 

forming an electricallyVonductive layer on the seed layer, the material from which 
the diffusion barrier layer is composed having a melting point greater than that of a material 
from which the electrically conducWe layer is composed, the material from which the seed 
layer is composed having a melting point greater than or equal to that of the material from 
which the electrically conductive layer >s composed; 

forming an energy absorbing layq* on said electrically conductive layer, said energy 
absorbing layer having a greater thermal absorption capacity than that of said electrically 
conductive layer; \ 

applvin g. omnidirectionally, energy to saW energy absorbing layer [so to as heat said 
electrically conductive layer and] to cause said ^ctrically conductive layer to flow within 
said recess; and \ 

removing portions of the energy absorbing layeli and the electrically conductive layer 
that are situated above the top surface of the dielectric material. 



— 2— 



Amendment "C" and Response 
Serial No. 08/801,812 



IL (Iwice Amended) A method for manufacturing an interconnect structure as 
recited in Claim l\wherein applying energy to said energy absorbing layer [to heat the energy 
absorbing layer] utilizes [at least one energy source selected from the group consisting of a laser,] 
a fumace[, and an RTP Bwnp]. 
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16. (Twice Amended) A method for manufacturing an interconnect structure 
comprising: \ 

patterning and etching a dielectric material situated on a semiconductor substrate 
assembly so as\o form a recess within the dielectric material, said recess being situated 
below a top surfacfe of said dielectric material; 

depositing aNiifiusion barrier layer within the recess within the dielectric material, 
the diffusion barrier layer being composed of a material selected from the group consisting 
of ceramics, metallics, and intermetallics; 

depositing a seed la\er on the diffusion barrier layer, the seed layer being composed 
of a material selected from the group consisting of ceramics, metallics, and intermetallics, 
the material from which the diffusion barrier layer is composed having a melting point 
greater than or equal to that of tne material from which the seed layer is con5)osed; 

depositing an electrically co^uctive layer on the seed layer, the material from which 
the diffusion barrier layer is conpdsed having a melting point greater than that of the 
material from which the electrically conductive layer is composed, the material from which 
the seed layer is composed having a melting point greater than or equal to that of the material 
from which the electrically conductive laye\ is composed; 

depositing an energy absorbing layer oA said electrically conductive layer, said energy 

absorbing layer: \ 

having a greater thermal absorption capacity than that of said 

electrically conductive layer; and \ 

being conposed of a materiaAhaving a higher melting point than that 
of the material from which the electrically conductive layer is composed; 
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heakn g. omnidirectionally, the energy absorbing layer [so to as heat the conductive 
layer and] to\ause said conductive layer to flow within said recess; and 

planarizmg the semiconductor substrate assembly so as to remove those portions of 
the energy absor^g layer and the electrically conductive layer that are situated above the 
top surface of the die;}ectric material. 



\^ 21. (Once Amended)\ A method for manufacturing an interconnect structure as 

recited in Claim 16, wherein [the r\cess has an aspect ratio greater than about 4 to 1] the heating, 
omnidirectionallv. the energv absorbilbg laver is perform ed with a furnace. 
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23. QTwice Amended) A method for manufacturing an interconnect structure 
comprising: \ 

patterning and etching a dielectric material situated on a semiconductor substrate 
assembly sA as to form a recess within the dielectric material, said recess being situated 
below a top aurface of said dielectric material; 

depositing a diffusion barrier layer within the recess within the dielectric material, 
the diflRxsion babier layer being composed of a material selected from the group consisting 
of aluminum nitride, txingsten nitride, titanium nitride, and tantalum nitride; 

depositing a seed layer on the diffusion barrier layer, the seed layer being conposed 
of a material selectecMrom the group consisting of aluminum, titanium nitride, titanium, and 
titanium aluminide, tnfe material from which the diffusion barrier layer is composed having 
a melting point greaterVhan or equal to that of the material from which the seed layer is 
composed; \ 

depositing an electricaQy conductive layer on the seed layer, the material from which 
the diffixsion barrier layer is coWosed having a melting point greater than that of a material 
from which the electrically conductive layer is composed, the material from which the seed 
layer is composed having a meltipg point greater than or equal to that of the material from 
which the electrically conductive la^r is composed, the material from which the electrically 
conductive layer is composed is selected from the group consisting of aluminum and copper; 

depositing an energy absorbing myer on said electrically conductive layer, said energy 
absorbing layer: \ 

having a greater \thermal absorption capacity than that of said 
electrically conductive layen and 
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being composed of a material having a higher melting point than that 
of litie material from which the electrically conductive layer is composed, 

being is conposed of a material selected from the group consisting of 
titaniuni titanium nitride, tungsten, tungsten nitride, silicon nitride, silicon 
dioxide, tWalum, tantalum nitride, and carbon; 
heating with a ftimaXe the energy absorbing layer [so to as heat the conductive layer 
and] to cause said conductivalayer to flow within said recess; and 

planarizing the sentiiconnuctor substrate assembly so as to remove those portions of 
the energy absorbing layer and tne electrically conductive layer that are situated above the 
top sxirface of the dielectric matenm. 
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24. (Twic\ Amended) A method for manufacturing an interconnect structure 
comprising: 

forming a dielectric material on a monocrystalline silicon layer of a semiconductor 
substrate assembly, said monocrystalline silicon layer defining a plane; 

patterning anAetching the dielectric material so as to form a recess within said 
dielectric material, said recess comprising a contact hole situated below a trench, said contact 
hole terminating at an end thereof at the silicon layer and terminating at an opposite end 
thereof at said trench, said tknch extending from said opposite end of said contact hole to 
a top surface of said dielecVic material, the trench being parallel to the plane of the 
monocrystalline silicon layer; 

depositing a diffusion bamer layer within the recess within the dielectric material, 
the diffusion barrier layer being composed of a material selected from the group consisting 
of ceramics, metallics, and intermetailics; 

depositing a seed layer on the JMRision barrier layer, the seed layer being composed 
of a material selected from the group Consisting of ceramics, metallics, and intermetallics, 
the material from which the diffusion Mrrier layer is con^osed having a melting point 
greater than or equal to that of the materi^ from which the seed layer is composed; 

depositing a layer composed of alunAum on the seed layer, the material from which 
the diffusion barrier layer is composed having A melting point greater than that of aluminum, 
the material from which the seed layer is comJipsed having a melting point greater than or 
equal to that of aluminum; 

depositing an energy absorbing layer on Wd layer composed of aluminxim, said 

energy absorbing layer: 
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having a greater thermal absorption capacity than that of said layer 
exposed of aluminum; and 

being composed of a material having both a higher thermal 
insula\ion capacity and electric insulation capacity than that of the layer 
composed of aluminum; 
heating nmnidiredionallv with a furnace the energy absorbing layer [so to as heat the 
layer composed of aluminuSn and] to cause said layer composed of aluminum to flow within 
said recess; and 

planarizing the semiconductor substrate assembly so as to remove those portions of 
the energy absorbing layer an(Mhe layer composed of aluminum that are situated above the 
top surface of the dielectric mateml. 
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28. (Twice Amended) A method for manufacturing an interconnect structure 
comprising: \ 

forming at least one silicon layer on a monociystalline silicon layer of a 
semiconductor substfate assembly, said silicon layer being selected from the group consisting 
of undoped silicon dioxide, doped silicon dioxide, undoped silicate glass, and doped silicate 
glass, wherein said moirocrystalline silicon layer defines a plane; 

patterning and etWiing the at least one silicon dioxide layer so as to form a recess 
therein, said recess composing a contact hole situated below a trench, said contact hole 
terminating at an end thereof at the at least one silicon layer and terminating at an opposite 
end thereof at said trench, saicfttrench extending from said opposite end of said contact hole 
to a top surface of said at least one silicon layer, the trench being parallel to the plane of the 
monocrystalline silicon layer; \ 

depositing a diffusion barrier layer within the recess within the at least one silicon 
layer, the diffusion barrier layer bWg composed of a material selected from the group 
consisting of aluminum nitride, txmgsVen nitride, titanium nitride, and tantalum nitride; 

depositing a seed layer on the diffusion barrier layer, the seed layer being composed 
of a material selected from the group conbisting of aluminxim, titanium nitride, titanium, and 
titanium aluminide, the material from whfich the diffusion barrier layer is composed having 
a melting point greater than or equal to that of the material from which the seed layer is 
composed; \ 

depositing a layer composed of aluminirm on the seed layer, the material from which 
the diffusion barrier layer is composed having a lAelting point greater than that of alximinimi, 
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the material fiJbm which the seed layer is composed having a melting point greater than or 
equal to that of aluminum; 

depositing^ an energy absorbing layer on said layer composed of aluminum, said 
energy absorbing layer having a greater thermal absorption capacity than that of said layer 
composed of alumini^ and being composed of a material: 

tiaving both a higher thermal insulation capacity and electric 
insulation capacity than aluminum; and 

selected from the group consisting of titanium, titanium nitride, 
tungsten, tWsten nitride, silicon nitride, silicon dioxide, tantalum, tantalum 
nitride, and carbon; 

heating omnidirectionVLllv with a furnace the energy absorbing layer [so to as heat the 
layer composed of aluminum ^d] to cause said layer composed of aluminum to flow within 
said recess; and 

planarizing the semiconcLctor substrate assembly so as to remove those portions of 
the energy absorbing layer and tha layer composed of aluminum that are situated above the 
top surface of the at least one silicon layer. 
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36. (Once Amended) A method for manufacturing an interconnect structure that 
includes a recess eJ^nding below a top surface of a dielectric material situated on a semiconductor 
substrate, the recess hWing therein a diffusion barrier layer that is within the dielectric material, the 
method comprising: \ 

forming a seed layer on the diffusion barrier layer; 

forming an electrically conductive layer on the seed layer; 

forming upon tlie electrically conductive layer an energy absorbing layer having a 
greater thermal absorptiok capacity than that of the electrically conductive layer; 

flowing the electrica^ conductive layer within the recess by [heat] omnidirectionally 
heating the energv absorbing)|aver. 

43. (Once Amended) The method as defined in Claim 36, wherein flowing the 
electrically conductive layer within the r\cess by [heat comprises] omnidirgctionallY heating the 
energy absorbing layer [with at least one toergy source selected from the group consisting of a 
laser.j is performed with a fumace[, and an RTP lanp]. 
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45. (Onoe Amended) A method for manufacturing an interconnect structure that 
includes a recess exteMng below a top surface of a dielectric material situated on a semiconductor 



\ / substrate, the recess haWg therein a diffusion barrier layer that is within the dielectric material, the 



ethod comprising: 



forming a Seed layer on the diffusion barrier layer; 
forming a fiist layer on the seed layer; 

forming upoft the first layer a second layer that can absorb more heat than the first 



layer; 



heatin g. omnidi\ectionallv. the first and second layers to flow the first layer within 
the recess by heat. 
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46. (On\e Amended) A method for manufacturing an interconnect structure, the 
method comprising: 

forraingV dielectric material over a semiconductor substrate and having a top surface; 
forming ayecess within the dielectric material extending from the top surface of the 
dielectric material ro the semiconductor substrate; 

filling the recfess with an electrically conductive material, the recess including: 

a first Rortion having a uniform width and extending within the dielectric 
material to the top surface of the dielectric material; 

a second pbrtion having a height and a uniform width that is less than the 
width of the first portion and that is not greater then 25% of the height, the second 
portion extending frop the semiconductor substrate to terminate at the first 
portion[,]i 

wherein the filling the recess is performed by causing the electricallv 
conductive material to flowWithin the recess bv applvi ng omnidirectional heating. 
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48. VOnce Amended) The method as defined in Claim 46, wherein filling the recess 
with the electrically conductive material fiirther comprises: 

foriWig a diffusion barrier layer in contact with the semiconductor substrate and the 
dielectric matVial; 

formingXa seed layer upon the diffiision barrier layer and composed of a material 
having a melting Aoint less than that of the material fi-om which the diffusion barrier layer 
is composed and being selected firom a group consisting of ceramics, metallics, and 
intermetallics; 

forming a condirctor layer upon the seed layer; and 

forming an energ^ absorbing layer on the conductor layer that is composed of a 
material having both a higher thermal insulation capacity and electric insulation capacity 
than that of the material fi-oiAwhich the conductor layer is composed[.]; 

wherein the omnidirecttonal heating is performed wi th a fiimace. 
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54. Vonce Amended) A method for manufacturing an interconnect structure, the 
method comprising: 

forrWig a lower substrate situated on a semiconductor substrate assembly, said lower 
substrate deming a plane; 

formingV dielectric material on the lower substrate having a planar top surface; 

forming aVecess within said dielectric material, said recess including a contact hole 
situated below a trerifch, said contact hole terminating at an end thereof at the lower substrate 
and terminating at aA opposite end thereof at said trench, said contact hole being oriented 
substantially perpendic\lar to the plane of said lower substrate, said trench extending from 
said opposite end of saidVontact hole to a top surface of said dielectric material, the trench 
extending substantially parallel to the plane of said lower substrate; and 

forming an electricaty conductive layer situated within and filling both the contact 
hole and the trench and extendfaig to terminate above the planar top surface of the dielectric 

material[.]i \ 

wherein the filling both the contact hole and the trench is performed bv causing the 
electrically conductive layer to flow into the contact hole and the trench by applying 
omnidirectional heating. \ 
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55. ^Once Amended) The method as defined in Claim 54, wherein forming an 
electrically condmctive layer further comprises: 

foitang a diffusion barrier layer in contact with the lower substrate and the dielectric 

material; 

formiflg a seed layer upon the diffusion barrier layer and composed of a material 
having a meltint point less than that of the material fi-om which the diffusion barrier layer 
is composed and being selected fi*om a group consisting of ceramics, metallics, and 
intermetallics; 

forming a conductor layer upon the seed layer; and 

forming an eneffey absorbing layer on the conductor layer that is composed of a 
material having both a hmher thermal insulation capacity and electric insulation capacity 
than that of the material firdtn which the conductor layer is composed[.] i 
wherein the omnidireWional heating is performed w ith a furnace. 
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57. (fence Amended) A method for manufacturing an interconnect structure, the 
method comprising 

fommg a lower substrate situated on a semiconductor substrate assembly, said lower 
substrate definkg a plane; 

forming a dielectric material on the lower substrate having a planar top surface; 
forming a rkess within said dielectric material, said recess comprising a contact hole 
situated below a treW, said contact hole terminating at an end thereof at the silicon layer 
and terminating at an Opposite end thereof at said trench, said contact hole being oriented 
substantially perpendicular to the plane of said lower substrate, said trench extending from 
said opposite end of said dbntact hole to a top surface of said dielectric material, the trench 
extending substantially parallel to the plane said lower substrate; 

forming a diflRxsion bapier layer on the trench and the contact hole; 
forming a seed layer on^the diffusion barrier layer, the diffusion barrier layer being 
con:5)osed of a material having a m\lting point greater than or equal to that of a material from 
which the seed layer is conposed; ^d] 

forming an electrically conducmve layer on the seed layer and extending to terminate 
at the planar top surface of the dieledtric material, the material from which the diffusion 
barrier layer is conposed having a meltmg point greater than that of a material from which 
the electrically conductive layer is composed, the material from which the seed layer is 
coiT5)osed having a melting point greater thak or equal to that of the material from which the 
electrically conductive layer is composed[.];knd 

a pplying, omnidirectionally, energy totthe electrically conductiv e layer to cause the 
electrically conductive layer to flow within the ^cess. 
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61 . (^nce Amended) The method as defined in Claim 57, wherein the [contact hole 
as a height and a Vidth, and the height is greater than four times the width] applying energy to the 
electrically conductVe layer is performed with a furnace . 
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62. (Once J\mended) A method for manufacturing an interconnect structure, the 
method comprising: 

providing a monocrystalline silicon layer of a semiconductor substrate assembly, said 
monocrystalline silicV layer defining a plane; 

forming a dieldctric material on the monocrystalline silicon layer; 
forming a recessWthin said dielectric material, said recess comprisiag a contact hole 
situated below a trench, Wd contact hole terminating at an end thereof at the silicon layer 
and terminating at an opposite end thereof at said trench, said contact hole being oriented 
perpendicular to the plane Af said monocrystalline silicon layer, said trench extending fi*om 
said opposite end of said contact hole to a top surface of said dielectric material, the trench 
extending parallel to the plana of said monocrystalline silicon layer; 

forming a diffusion bamer layer on the trench and the contact hole, the diffusion 
barrier layer being conposed of \ material selected fi*om the group consisting of aluminum 
nitride, tungsten nitride, titanium nVtride, and tantalum nitride; 

forming a seed layer on the uiffixsion barrier layer, the seed layer being composed 
of a material selected from the group Consisting of aluminum, titaniimi nitride, titanixim, and 
titanium aluminide, the material from Which the diffusion barrier layer is con^osed having 
a melting point greater than or equal tb that of the material from which the seed layer is 
composed; [and] 

forming an electrically conductive Id^QV on the seed layer and extending to terminate 
at the planar surface of the dielectric mateml, the material from which the diffusion barrier 
layer is composed having a melting point greater than that of the material from which the 
electrically conductive layer is composed, me material from which the seed layer is 
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composed having a nKlting point greater than or equal to that of the material from which the 
electrically conductive layer is conposed, the material from which the electrically conductive 
layer is con^jo^d being selected from the group consisting of aluminum and copper[.]Land 
applying- Ymnidirectionallv. energy to the electrically conductive laver to cause the 
electrically conductive layer to flow within th e recess. 



63 . (Once Amended) The method as recited in Claim 62, wherein the [contact hole 
has an aspect ratio greater than \jbout 4 to 1] a pplying ener gy to the electrically conductive laver is 
performed with a furnace . 
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